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Abstract
Introduction The popularity of cycling in the United Kingdom is increasing, with a further rise likely due to recent govern-
ment cycling promotion schemes. This study aims to characterise fractures sustained due to cycling-related collisions in 
patients presenting to a Major Trauma Centre, in the region with the highest cycling rates in the United Kingdom.
Methods A retrospective analysis of cycling injuries presenting to our centre between January 2012 and December 2020 was 
performed using a prospectively collected electronic database. Comparison of fracture characteristics was made according 
to patient age and mechanism of injury (collision with a motorised vehicle versus collision with a non-motorised object.).
Results Of the 737 patients who suffered a cycling-related injury, 292 (39.6%) suffered at least 1 fracture to the appendicular 
skeleton. Overall, fractures were most commonly seen in those over 50 years of age. Upper limb fractures were more common 
than lower limb fractures. Fractures sustained during motorised injuries were more likely to require surgical intervention 
than those sustained during non-motorised collisions.
Conclusion This study provides valuable information regarding the nature, epidemiology and treatment of fractures sus-
tained following cycling-related accidents, adding to the paucity of similar literature in the field. Given the likely increase in 
future cycling uptake, our results are important to clinicians treating patients with cycling-related injuries and policymakers 
designing safety interventions.
Keywords Cycling · Fractures · Trauma · Road traffic accident · Injury pattern · Orthopaedic injuries · Fractures · Road 
safety
Introduction
The use of pedal cycles as a means of transport in the United 
Kingdom (UK) has rapidly increased, with a 32% increase 
in the number of miles cycled between 1998 and 2018 [1, 
2]. During the recent national lockdowns due to the COVID-
19 pandemic, Department for Transport statistics show an 
increase in cyclist traffic of up to 384% on certain days [3].
The UK government has also recently launched a £2 bil-
lion initiative to promote bicycle use through schemes such 
as £50 cycle repair vouchers, national cycling and walking 
commissioner, cycle to work scheme, pop-up cycle lanes, 
safer junctions, protected cycle-only corridors, and poten-
tially a ‘cycle tube’ network above London’s underground 
[4, 5]. This campaign aims to tackle high rates of obesity, 
cut carbon emissions, and reduce virus transmission on over-
crowded public transport during the COVID-19 pandemic 
[4]. Transport Secretary Grant Shapps states, ‘as we look to 
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the future, we must build a better country with greener travel 
habits, cleaner air, and healthier communities’ [4].
These initiatives suggest that the number of cyclists using 
UK roads is likely to increase in the next few years. During 
2019, cyclists accounted for 8.1% of all road accidents in 
the UK [6]. When considering miles travelled, cyclists had 
an accident rate of 5,051 accidents per billion miles trav-
elled, the second-highest accident rate of all vehicles, behind 
motorcycles [6]. With this potential further increase on the 
horizon, it is important to consider cyclist safety and imple-
ment effective interventions. Furthermore, it is crucial to 
make clinicians aware of injury patterns and characteristics 
of cycling injuries, which may have implications for patient 
management. There is currently a paucity of literature 
describing the nature of cycling injuries from an orthopae-
dic perspective. One study characterising orthopaedic inju-
ries, specifically in electric bicycle (e-bike) users has been 
published previously [7], whilst another describes fractures 
sustained by cyclists following tram system related injuries 
[8]. However, despite an increase in the uptake of e-bikes, 
the use of e-bikes is still much lower than that of traditional 
cycles, with recent figures suggesting over 60,000 e-bikes 
were sold in the country in 2018, compared to 3 million tra-
ditional cycles [9]. It is, therefore, possible that such studies 
may not be representative of cyclists as a whole.
This study aims to characterise orthopaedic fractures 
(affecting the appendicular skeleton and sacrum) sustained 
by all patients admitted with cycling-related injuries in 
9 years, to a Major Trauma Centre (MTC) located in Cam-
bridge—the region with the highest rates of cycling in the 
UK[10]. In this region, 56.9% of people cycle at least once a 
week, compared to 38.8% in the second highest region [10]. 
Approximately one third of the population of Cambridge 
also cycle to work [10]. This high prevalence of cycling in 
the region of our MTC, allows us to provide a unique and 
valuable perspective on injuries sustained by cyclists.
Materials and methods
This is a retrospective analysis of orthopaedic fractures 
sustained by all patients admitted to our MTC, due to inju-
ries sustained whilst riding a bicycle, between 1st January 
2012 and 31st December 2020. Patients involved in cycling-
related accidents were identified using the Trauma Audit and 
Research Network database (TARN). Patients meeting all 
three of the TARN inclusion criteria are listed on this data-
base: (1) Trauma patients regardless of age; (2) patients with 
a hospital stay of three or more nights, who are admitted to 
critical care or who die during hospital stay; (3) those whose 
isolated injuries fall into several categories, detailed in the 
appendix. This database contained information including 
date of injury, patient age, sex, injury mechanism, Glasgow 
Coma Scale score (GCS) at the scene, and Injury Severity 
Score (ISS). Using an electronic patient record system, fur-
ther information was collected, including fracture locations, 
total number of fractures (accounting for multiple fractures 
to the same bone), and details of treatment received. Patients 
were divided into two groups according to injury mecha-
nism: collision with motorised vehicle (including car, van, 
heavy goods vehicle, and motorcycle) and collision with 
non-motorised vehicles/objects (including collisions with 
other pedal cyclists, falls from a cycle, collisions with lamp-
posts and signs, etc.). Comparisons of injury patterns/char-
acteristics were made between these groups and according to 
patient age. The specific patient age categories shown were 
chosen to align with previous work characterising fractures 
sustained by cyclists [7].
All statistical analysis was performed using IBM SPSS 
Statistics 25. Chi-square tests were used to compare cat-
egorical variables.
Results
A total of 737 patients were admitted to our MTC due to 
injuries sustained as a result of accidents involving patients 
on bicycles between January 2012 and December 2020. Of 
these patients, 292 (median age 50.5 years, interquartile 
range 38–60) sustained one or more fractures of the appen-
dicular skeleton, with 225 (77.1%) being male and 67 being 
female (22.9%).
A total of 510 fractures to the lower limb, upper limb 
or pelvis (including acetabulum) were sustained, with 142 
patients (48.6%) sustaining 2 or more fractures. Upper limb 
fractures were the most frequently observed (41.4% of 
total, n = 211), followed by lower limb fractures (33.9% of 
total, n = 173) and pelvic fractures (24.7% of total, n = 126). 
Fractures were most frequently observed in people in 
the > 50 years category, followed by the 19–49 years cat-
egory (Table 1, p < 0.00001). This pattern remained when 
analysing male and female patients separately.
Fracture pattern
The clavicle was the most fractured upper limb bone (29.9% 
of upper limb fractures n = 63), whereas the most frequently 
fractured lower limb bone was the neck of femur (NOF) 
(25.4% of lower limb fractures n = 44). The breakdown of 
upper and lower limb fractures is shown in Table 2.
No significant difference was found in the prevalence of 
upper limb, lower limb, or pelvic fractures across differ-
ent age groups. In males, consistent with the overall results, 
the clavicle was the most fractured upper limb bone (32.3% 
n = 52), whereas, in females, the radius was the most com-
monly fractured upper limb bone (24% n = 12). In the lower 
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limb, NOF was the most fractured bone in males (28.4% 
n = 38), and the tibia was the most fractured bone in females 
(25.6% n = 10).
Mechanism of injury
More patients sustained non-motorised fractures com-
pared to motorised fractures (61.3% n = 179 compared 
to 38.7% n = 113). For motorised accidents, the highest 
prevalence was seen in the 19–49 years age group (52.2%, 
n = 59, p = 0.006), whereas non-motorised accidents were 
most prevalent in the > 50 years age group (56.4% n = 101 
p = 0.006). The most frequently fractured lower limb bone 
during non-motorised accidents was the NOF (47.6% 
n = 39), whereas the tibia was the most fractured lower limb 
bone in motorised accidents (26.4% n = 24). (Table 3) In the 
upper limb, the clavicle was the most fractured bone in both 
motorised and non-motorised groups (26% n = 26 and 33.3% 
n = 37, respectively). In the lower limb, NOF (p < 0.00001) 
fractures were more common in non-motorised compared 
to motorised accidents, whereas fibula fractures were more 
likely to occur in motorised injuries (p = 0.04 (Table 3)).
On the other hand, in the upper limb, only scapula 
(p = 0.01) fractures were more likely to occur in motorised 
accidents. In terms of injury severity, the occurrence of 
an injury severity score (ISS) ≥ 16 was much more likely 
in the motorised compared to the non-motorised group 
(62.3% compared to 30.7% p = 0.0001).
Management
Of the 292 patients who sustained at least 1 fracture, 176 
(58.5%) required surgery. Of these, 133 (76%) were male, 
and 42 (23%) were female. Lower limb fractures more 
commonly required surgical treatment compared to upper 
limb fractures, such that 67.1% (n = 116) of lower limb 
fractures underwent surgery whereas only 34.6% (73) 
upper limb fractures required surgery.
Pelvic fractures were the most likely to undergo con-
servative management, with 24.6% (n = 31) managed sur-
gically (p < 0.00001). The most likely lower limb frac-
ture to be operated upon was NOF fractures, with 95.5% 
receiving surgery (n = 42 p = 0.00003), followed by tibia 
fractures where 81.1% were treated surgically (n = 31 
p = 0.007). In upper limb fractures, the ulna was most 
likely to be operated upon (90.5% n = 19 p < 0.00001), fol-
lowed by the humerus (56.5% n = 13 p = 0.02). The most 
likely age group to undergo surgery was the 13–18 years 
group, where 62.5% (n = 25) of fractures sustained in this 
age group received surgery (p = 0.01). Furthermore, for 
both upper (p = 0.0007) and lower limb (p = 0.005) frac-
tures, individuals who had sustained a motorised injury 
were more likely to receive surgical management. Of the 
surgical procedures performed, the most common was 
open reduction and internal fixation (83.2% n = 183), 
followed by closed reduction and internal fixation (8.2% 
n = 18).
Discussion
This study included data from 737 patients admitted for 
cycling-related injuries to our MTC between January 2012 
and December 2020. From this sample, 39.6% of patients 
suffered an orthopaedic fracture (upper limb, lower limb, 
and pelvis), and of those, 48.6% sustained more than one 
fracture. The proportion of patients sustaining an orthopae-
dic fracture in this study was lower than the equivalent figure 
of 63.3% reported in by Tenenbaum et al. [7]. However, it is 
important to note that their study reported fracture charac-
teristics specifically in e-cycle users, and so this difference 
may reflect an increased fracture risk in e-cycles when com-
pared to all cyclists. Alternatively, this may be explained by 
a safety-in-numbers effect, whereby the risk of more high 
energy collisions is reduced in regions, such as ours, where 
cycling rates are high [11–13].
Table 1  Number of people within each age group who presented with 
upper limb, lower limb or pelvic fractures. (Individuals with fractures 
in more than one region have been included twice)




 > 50 years Total
Upper limb 2 10 60 70 142
Lower 
limb
0 9 60 54 123
Pelvis 0 7 36 55 98
Total 2 26 156 179 363
Table 2  Number of fractures in the lower and upper limb separated 
by the fracture location
Lower limb Upper limb
Fracture location Number of 
fractures (%)
Fracture location Number of 
fractures
Neck of femur 44 (25.4%) Scapula 34 (16.1%)
Other femur 31 (17.9%) Clavicle 63 (29.9%)
Patella 6 (3.5%) Humerus 23 (10.9%)
Tibia 36 (20.8%) Radius 43 (20.4%)
Fibula 27 (15.6%) Ulna 21 (10.0%)
Ankle 10 (5.8%) Hand 27 (12.8%)
Foot 19 (11.0%) – –
Total 173 Total 211
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Demographics
The largest proportion of fractures occurred in patients aged 
over 50; 49.3% of fractures. This finding may be related to 
increased bone resorption and density loss, with previous 
studies reporting a general increase in adult fracture risk 
with increasing age [14, 15]. Court-Brown et al. also report 
that 46.2% of almost 6000 fractures occurred in patients over 
50, and so it is not surprising that our study shows cycling-
related fractures were also most prevalent in this group [16]. 
However, it is important to consider other demographic fac-
tors when assessing cyclists’ fracture risk. It has previously 
been reported that male cyclists behave in a riskier manner 
than their female counterparts and are thus more likely to be 
involved in collisions [17, 18]. This may explain why over 
three-quarters of patients in our study were male, a find-
ing reported by studies previously [7, 19–21]. Studies have 
also found that younger cyclists are at a higher risk of being 
involved in collisions [18, 22–24]. Previous studies suggest 
that this may be due to younger cyclists’ risk perception, 
increased risk taking behaviours and poorer knowledge of 
road traffic rules compared to older cyclists [23, 24]. While 
this was not directly reflected in our fracture distribution 
results, it is a factor that policymakers and healthcare provid-
ers should consider when designing safety interventions. For 
example, targeting education programmes and safety prod-
ucts to these demographics could help cyclists and drivers 
be less complacent and may, in turn, reduce collisions and 
hospital admissions. Furthermore, given that our centre’s 
population has a significant number of new cyclists each 
year in the form of university students due to the presence 
of two universities with a combined student population of 
approximately 62,000, these programmes may be targeted to 
those who may be inexperienced in road cycling and there-
fore at increased risk of a collision [25].
With respect to the general adult population, studies 
have shown several modifiable factors may be responsible 
for causing a cycling accident. These include road main-
tenance factors such as potholes or wet/oily surfaces, road 
infrastructure such as a reduction in road speed limit, cycle 
only lanes and driver/cyclist education [12, 26–29]. Target-
ing these factors in safety interventions may help to reduce 
the risk of cycling accidents.
Fracture pattern
Our results, demonstrating a greater number of upper limb 
compared to lower limb fractures, disagree with similar 
research [7]. Previous work has suggested patient age may 
affect the likelihood of fracturing a specific bone; for exam-
ple, Tenenbaum et al. report that pelvic fractures were more 
common in elderly age groups [7]. Our study does not rep-
licate this, with no significant association seen between age 
and risk of fracturing a specific bone. While skull and facial 
bone fractures were not included in our analysis, we noted 
that they were disproportionately common in the 19–49 
age group (70.2% of these fractures). This may be partly 
explained by the fact that helmet use has been shown to 
protect against these fractures and that these patients are less 
likely to use one [30, 31]. Despite this, and several safety 
campaigns in schools and commercially, there is an issue 
with the compliance of helmet use, one study finding 30% 
of those aged 25–44 never use a helmet [19]. Therefore, 
increasing helmet uptake may be another important aspect 
of injury prevention.
Injury mechanism
When analysing patients according to the mechanism of 
injury, we found that most collisions did not involve a motor 
vehicle, which is replicated in other reports [13, 20, 21, 32]. 
This may, however, not be the case in every UK region, 
as our city may have more cycling-related infrastructure 
helping reduce the chances of a motorised accident. Driv-
ers may also be hypervigilant of cyclists in a city where 
cycling is more common, affecting road habits, making it 
safer for both parties [11, 33]. It is important to evaluate the 
mechanism of injury as this may affect fracture distribution 
and injury severity. For instance, in lower limb fractures, 
a NOF fracture was more likely to occur in a non-motor 
accident, whilst a fibular fracture was more likely in motor 
accidents. This could be due to non-motorised accidents rep-
resenting a fall onto the hip, whereas motor vehicle accidents 
may lead to the vehicle bumper hitting the fibula directly. 
Furthermore, the risk of major trauma, defined as ISS > 16, 
was greater following motorised accidents. It may thus be 
said that although non-motorised accidents are more com-
mon, motorised collisions are more severe. It is therefore 
important to target safety interventions at both cyclists and 
motorised vehicle drivers.
Fracture management
A total of 176 of the 292 (58.5%) patients sustaining an 
orthopaedic fracture required surgical treatment. In both 
upper limb and lower limb fractures, surgical management 
was more likely following motorised than non-motorised 
accidents. This association is replicated in previous work 
and emphasizes the severity of motorised accidents [7]. 
Surgical management was also more likely in patients 
aged 13–18. Patients sustaining a lower limb fracture, 
specifically NOF and tibia, were more likely to require 
surgical intervention, whilst in the upper limb, the ulna 
and humerus were more likely to require surgery. These 
factors have implications for practitioners in terms of risk 
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assessment and clinical decision-making following the 
admission of a cycling injury patient.
The data demonstrated a high prevalence of frac-
tures amongst patients admitted due to cycling-related 
accidents, and the burden managing these may have on 
a trauma service. Research shows that cyclists involved 
in a previous “near miss” have a heightened perception 
of traffic risk [34, 35]. This suggests that those with an 
awareness of the consequences of dangerous cycling are 
less likely to engage in such behaviours. Although there is 
currently no supporting evidence, one way this awareness 
could be increased is through trauma surgeons themselves 
visiting schools, universities, and workplaces to educate 
about the importance of cycling safety. Similar schemes 
have been used in schools by other emergency services 
such as the police and fire service to reduce crime and 
increase fire safety.
Limitations
It must be acknowledged that this study is not without 
limitations. Firstly, only patients who were admitted into 
the hospital were included in the analysis, whilst patients 
discharged following treatment in the emergency depart-
ment were not. It may therefore be the case that this study 
provides an overestimate of fracture prevalence and sever-
ity following cycling accidents. Furthermore, our database 
did not record orthopaedic injuries other than fractures, 
and so we were unable to analyse non-fracture orthopaedic 
injuries.
This study specifically focusses on orthopaedic frac-
tures which are likely to be managed by orthopaedic sur-
geons across most hospitals. Therefore, whilst skull, facial 
and spinal fractures are commonly seen following cycling 
accidents, they were not included in our analysis. Such 
fractures are often referred to and treated by neurosur-
geons or maxillofacial surgeons and are associated with 
brain and spinal cord injuries which do not form a part of 
the workload of an orthopaedic surgeon (Table 3).
Conclusion
This study adds to the current paucity of literature char-
acterising fractures sustained as a result of cycling-related 
injuries. Such research is becoming increasingly impor-
tant in light of recent cycling promotion schemes. Our 
results show approximately 40% of patients admitted due 
to cycling-related injuries sustained a fracture, with upper 
limb fractures being more common. Fractures were more 
common in those aged over 50. Patients who sustained a 
motorised injury were more likely to require surgical man-
agement. The unique data presented are of importance in 
informing clinicians about injury patterns seen following 
cycling accidents and in aiding policymakers to design suit-
able safety interventions.
Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00402- 021- 04097-3.
Funding BMD is funded by a National Institute for Health Research 
Clinical Lecturer position (CL-2016-14-009). The views expressed are 
those of the author(s) and not necessarily those of the NHS, the NIHR 
or the Department of Health and Social Care. The funders did not have 
any input to study conception, design, analysis or manuscript writ-
ing. The authors declare they have no financial interests. The authors 
declare they have no non-financial interests.
Data availability Not applicable.
Code availability Not applicable.
Declarations 
Conflict of interest The authors have no conflicts of interest to declare 
that are relevant to the content of this article.
Ethical approval This study was given research and development 
approval as an audit, by our institution’s major trauma audit depart-
Table 3  Number of fractures 
in each bone, according to the 
mechanism of injury
Lower limb Upper limb
Fracture location Motorised Non-
motorised
Fracture location Motorised Non-motorised
Neck of femur 5 39 Scapula 23 11
Other femur 19 12 Clavicle 26 37
Patella 4 2 Humerus 11 12
Tibia 24 12 Radius 17 26
Fibula 19 8 Ulna 6 15
Foot 12 7 Hand 17 10
Ankle 8 2 – – –
Total 91 82 Total 100 111
 Archives of Orthopaedic and Trauma Surgery
1 3
ment, allowing access to data held in the TARN (trauma and audit 
research network) database, for this purpose.
Informed consent Not required as all data were collected during rou-
tine patient care.
Consent to participate As all data were collected during routine patient 
care.
Consent for publication All authors agree with the submission of this 
article to ‘International orthopaedics.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
References
 1. Department for Transport (2020) Statistical Release Walking and 
Cycling Statistics. England: 2019
 2. Cycling UK.org. (2018) Cycling UK Cycling Statistics. Cycl, UK
 3. Department for Transport (2020) Transport use during the coro-
navirus (COVID-19) pandemic. In: Gov.uk
 4. Department for Transport, Vehicles O for LE (2020) £2 billion 
package to create new era for cycling and walking. In: Dep. 
Transp. https:// www. gov. uk/ gover nment/ news/2- billi on- packa 
ge- to- create- new- era- for- cycli ng- and- walki ng. Accessed 1 Dec 
2020
 5. Department for Transport (2019) Cycle to work scheme guidance 
for employers
 6. Robineau D (2019) Reported road casualties in Great Britain: 
2019 annual report. Dep Transp
 7. Tenenbaum S, Weltsch D, Bariteai J et al (2017) Orthopaedic inju-
ries among electric bicycle users. Injury 48:2140–2144. https:// 
doi. org/ 10. 1016/j. injury. 2017. 08. 020
 8. Maempel JF, Clement ND, Wickramasinghe NR, Duckworth AD, 
Keating JF (2020) Operative repair of acute Achilles tendon rup-
ture does not give superior patient-reported outcomes to nonop-
erative management: results of a randomized controlled trial at a 
minimum of 13 years’ follow-up. Bone Jt J 102:933–940. https:// 
doi. org/ 10. 1302/ 0301- 620X. 102B7. BJJ- 2019- 0783. R3
 9. Halfords (2018) The E-bike forecast. In: Halfords blog
 10. Department for Transport (2016) Walking and cycling statistics
 11. Elvik R, Goel R (2019) Safety-in-numbers: an updated meta-
analysis of estimates. Accid Anal Prev 129:136–147. https:// doi. 
org/ 10. 1016/j. aap. 2019. 05. 019
 12. Aldred R, Goodman A, Gulliver J, Woodcock J (2018) Cycling 
injury risk in London: a case-control study exploring the impact 
of cycle volumes, motor vehicle volumes, and road characteristics 
including speed limits. Accid Anal Prev 117:75–84. https:// doi. 
org/ 10. 1016/j. aap. 2018. 03. 003
 13. Schepers P, Agerholm N, Amoros E et al (2015) An international 
review of the frequency of single-bicycle crashes (SBCs) and their 
relation to bicycle modal share. Inj Prev 21:e138–e143. https:// 
doi. org/ 10. 1136/ injur yprev- 2013- 040964
 14. Bergh C, Wennergren D, Möller M, Brisby H (2020) Fracture 
incidence in adults in relation to age and gender: a study of 27,169 
fractures in the Swedish Fracture Register in a well-defined catch-
ment area. PLoS ONE 15:e0244291. https:// doi. org/ 10. 1371/ journ 
al. pone. 02442 91
 15. Liang W, Chikritzhs T (2016) The effect of age on fracture risk: 
a population-based cohort study. J Aging Res. https:// doi. org/ 10. 
1155/ 2016/ 50714 38
 16. Court-Brown CM, Caesar B (2006) Epidemiology of adult frac-
tures: a review. Injury 37:691–697. https:// doi. org/ 10. 1016/j. 
injury. 2006. 04. 130
 17. Wang C, Zhang W, Feng Z et  al (2020) Exploring factors 
influencing the risky cycling behaviors of young cyclists aged 
15–24 years: a questionnaire-based study in China. Risk Anal 
40:1554–1570. https:// doi. org/ 10. 1111/ risa. 13499
 18. Fraboni F, Marín Puchades V, De Angelis M et al (2018) Red-
light running behavior of cyclists in Italy: an observational 
study. Accid Anal Prev 120:219–232. https:// doi. org/ 10. 1016/j. 
aap. 2018. 08. 013
 19. Papoutsi S, Martinolli L, Braun C, Exadaktylos A (2014) E-bike 
injuries: experience from an urban emergency department—a 
retrospective study from Switzerland. Emerg Med Int. https:// 
doi. org/ 10. 1155/ 2014/ 850236
 20. Næss I, Galteland P, Skaga N et  al (2020) The number of 
patients hospitalized with bicycle injuries is increasing—a cry 
for better road safety. Accid Anal Prev 148:105836. https:// doi. 
org/ 10. 1016/j. aap. 2020. 105836
 21. Tin Tin S, Woodward A, Ameratunga S (2010) Injuries to pedal 
cyclists on New Zealand roads, 1988–2007. BMC Public Health 
10:1–10. https:// doi. org/ 10. 1186/ 1471- 2458- 10- 655
 22. Martínez-Ruiz V, Jiménez-Mejías E, de Luna-del-Castillo JD 
et al (2014) Association of cyclists’ age and sex with risk of 
involvement in a crash before and after adjustment for cycling 
exposure. Accid Anal Prev 62:259–267. https:// doi. org/ 10. 
1016/j. aap. 2013. 10. 011
 23. Useche S, Alonso F, Montoro L, Esteban C (2019) Explaining 
self-reported traffic crashes of cyclists: an empirical study based 
on age and road risky behaviors. Saf Sci 113:105–114. https:// 
doi. org/ 10. 1016/j. ssci. 2018. 11. 021
 24. Useche S, Alonso F, Montoro L, Tomas J (2019) When age 
means safety: data to assess trends and differences on rule 
knowledge, risk perception, aberrant and positive road behav-
iors, and traffic crashes of cyclists. Data Br 22:627–634. https:// 
doi. org/ 10. 1016/j. dib. 2018. 12. 066
 25. Cambridge City Council (2011) Cambridge City Annual demo-
graphic and socio-economic report
 26. Beck B, Stevenson M, Cameron P et al (2019) Crash character-
istics of on-road single-bicycle crashes: an under-recognised 
problem. Inj Prev 25:448–452. https:// doi. org/ 10. 1136/ injur 
yprev- 2018- 043014
 27. Heesch K, Garrard J, Sahlqvist S (2011) Incidence, severity 
and correlates of bicycling injuries in a sample of cyclists in 
Queensland, Australia. Accid Anal Prev. https:// doi. org/ 10. 
1016/j. aap. 2011. 05. 031
 28. Grundy C, Steinbach R, Edwards P et al (2009) Effect of 20 
mph traffic speed zones on road injuries in London, 1986–2006: 
controlled interrupted time series analysis. BMJ 339:31. https:// 
doi. org/ 10. 1136/ bmj. b4469
 29. Fruhen LS, Flin R (2015) Car driver attitudes, perceptions of 
social norms and aggressive driving behaviour towards cyclists. 
Accid Anal Prev 83:162–170. https:// doi. org/ 10. 1016/j. aap. 
2015. 07. 003
 30. Popa I, Ferraro OE, Orsi C et al (2017) Bicycle helmet use pat-
terns in Italy. A description and analysis of survey data from an 
Archives of Orthopaedic and Trauma Surgery 
1 3
Italian friends of cycling association. Accid Anal Prev. https:// 
doi. org/ 10. 1016/j. aap. 2017. 09. 003
 31. Fitzpatrick D, Goh M, Howlett D, Williams M (2018) Bicycle 
helmets are protective against facial injuries, including facial 
fractures: a meta-analysis. Int J Oral Maxillofac Surg 47:1121–
1125. https:// doi. org/ 10. 1016/j. ijom. 2018. 03. 005
 32. Neumann MV, Eley R, Vallmuur K, Schuetz M (2016) Current 
profile of cycling injuries: a retrospective analysis of a trauma 
centre level 1 in Queensland. EMA Emerg Med Australas. 
https:// doi. org/ 10. 1111/ 1742- 6723. 12495
 33. Fyhri A, Sundfør H, Bjørnskaua A, Laureshyn A (2017) Safety 
in numbers for cyclists—conclusions from a multidisciplinary 
study of seasonal change in interplay and conflicts. Accid Anal 
Prev 105:124–133. https:// doi. org/ 10. 1016/j. aap. 2016. 04. 039
 34. Aldred R (2016) Cycling near misses: their frequency, impact, and 
prevention. Transp Res Part A Policy Pract 90:69–83. https:// doi. 
org/ 10. 1016/j. tra. 2016. 04. 016
 35. Sanders RL (2015) Perceived traffic risk for cyclists: the impact of 
near miss and collision experiences. Accid Anal Prev 75:26–34. 
https:// doi. org/ 10. 1016/j. aap. 2014. 11. 004
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
